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A twcxyde, two-csSinder (10), (12) opposed 
uously adjustmg the stroke of the engine and 1 



Pistons in the other cylinder, the piston side surfeces alternately blocking and unblocking transfer and exhaust ports. In a pf m- 
oilar embodiment, the locker aims (240 are eachfittedwithaflat spring (154) or (154') positioned so as to be m contact with me 
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stalftomflierockerarmpivotd mount (26) or (36) andatthe other end toarotatabtymountedeccentr^ 
fonnedmtoashaft (54) containingapower drive gear (56) operatively connected toadr^^^ 
duetoanupanddownmotionoftheconnectmgrod.Means(47),(50)and(63),(64)areprovidedfor 

tachment points of the connecting rods to the rocker arms, thereby altering the allowable pivotable movement of the rocker arm 
and consequently the stoke or maximum spaced-apart distance of flie pistonsin each cylinder. Also, the shaft portion(54) of one 
of the eccentrics forms twisted splines on its outer surface, its assodated power drive gear being (56) adapted to mesh with the 
twisted splines so that the gear is rotated as it is Icmgitudinally displaced along the shaft. Means (104), (106) are provided for con- 
tinnously displacing this gearthereby changing theaiiguto 

tioning of the pistons contanied in each cylmder. This changed position alters the blodang of the exhaust ports with respect to 

the unbloddng of the transfer ports.Remote combustion chamber(128),(^^ 

hmie in ^ch combustion takes place remains substanlialty constant during the combustim process. 
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DEFLECTING ROCKER ARM FOR AN 
INTERNAL COMBUSTION ENGINE 



CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part 
of my application Serial No. 901,171, filed on 
10 April 28, 1978 entitled "Internal Combustion Engine". 

FIELD OF INVENTION 
The field of art to which the invention 
pertains includes internal combustion engines and, 
15 more specif ically,/^ two-cycle, .opposed pistoii internal 

combustion engines • 

BACKGROUND AND SUMM3\RY OF THE INVENTION 

Two-cycle internal combustion engines are well 
20 known in the art and have been used for many and varied 

purposes. One specific variation of the two-cycle 
engine utilizes two cylinders each having first and 
. ^^lec^nd^ opposeci pistons whos^^, surfaces are moved, together 
and apart to define a combustion chamber. The first 
25 ^ pistons of each cylinder are operatively connected at 
opposite ends of a pivotally mounted rocker arm, the 
second pistons of each cylinder also being operatively 
connected to a second rocker arm* The sides of the 
pistons in such an engine alternately open and close 
30 input and transfer ports whereby air or an air/fuel 

mixture may be entered into the piston-defined combustion 
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chamber and the combustion products removed therefrom* 
(Hereinbelow^ reference to "air" will comprise an 
5 "air-fuel" mixture whenever appropriate.) However^ 

the efficiency of conventional internal combustion 
engines varies as a function of engine r.p.m. , manifold 
presstire, altitude, octane rating, and many other 
parameters ♦ Consequently, engines are designed so that 
10 their peak efficiency occurs under certain predetermined 

conditions which are representative of anticipated or 
probable operating parameters. If the engine is 
operated under conditions different from this 
predetermined set of conditions, engine efficiency 
15 drops and the net effect is more fuel consumption. 

Three basic factors contribute to reduced 
efficiency as the engine is operated under conditions 
apart from the predeteinnined conditions. The first 
factor is the closing of the exhaust port either too 
20 ' early or too late with respect to the opening of the 

transfer port. In a two-cycle engine, the exhaust 
port is opened prior' to bpening of thV transfer port 
for pressure equalization, the opening of the transfer 
port then forcing combustion products out the exhaust 
25 port. As one can appreciate, an optimum time for 

closing the exhaust port would be at the moment when 
the incoming air just reaches the exhaust port and has 
forced the last of the combustion products out through 
the exhaust port. If the exhaust^ port is closed 

30 priematiarely , all of the prior combustion products^' will 

not be expelled, whereas if it is closed too late, some 
of the fuel within the air will be wasted. In 
conventional engines, this optimum closing of the 
exhaust port only occurs under one set of operatJLng 
35 conditions. Another factor contributing to reduced 

efficiency in conventional engines is that the stroke, 
that is the maximijm distance apart the pistons attain. 
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is fixed. As is well known/ the stroke determines 
the compression ratio of the engine, that is, the 
5 ratio of the pressure internal to the combustion chamber 

at the time of combustion with respect to the outside or 
manifold pressure. Therefore as the outside pressure 
decreases below an assumed design pressure due to a 
reduced throttle setting , increased engine speed, or 

10 increased altitude, the pressure in the combustion 

chamber at the time of combustion decreases. This 
lower pressure results in a less than optimum fuel 
burning efficiency, A third factor contributing to 
reduced efficiency in combustion engines is a change 

15 in volume of the combustion chamber during combustion, 

the change occurring because of piston travel during 
the combustion process. This volume change affects the 
efficiency of combustion and results in a less efficient 
use of the fuel. All of the above disadvantages of 

20 conventional engines combine to define an engine having 

less overall fuel efficiency than that potentially 

^-|-* i?rv achi^s'vable.. '^ ^ / ■ r * ' . 

The present invention provides a two-cycle, 
opposed cylinder internal combustion engine which is 

25 more efficient than any conventional engine. The 

engine consists of a pair of cylinders each of which has 
first and second pistons that act oppositely in a 
predetermined phase relationship so that their facing 
surfaces are moved together and apart to define a stroke 

30- .^.length and to at -leasts ^partially def ine^, a combustion . . 
chamber. Also the piston side surfaces alternately 
block and unblock transfer ports and exhaust ports as 
they move together and apart. Means are provided for 
providing fuel to the combustion chamber through the 

35 transfer ports or for injection directly into a remote 

combustion chamber. A pivotally mounted first rocker 
arm is provided, the arm having opposite ends connected 
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to a first piston in each cylinder for reciprocal 
movement thereof. A means connected to the second 
5 pistons for reciprocal movement thereof is also 

provided, in a specific embodiment the means being a 
second rocker arm. 

In a pcurticular exnbodiiaent, a spring member 
is interposed between 1:he rocker arm and the piston. 

10 More specifically, the rocker arms are each fitted with 

a spring, preferably a flat spring, positioned so as to 
be in contact with the end of the associated piston rod 
and deflecting to allow the pistons to move apart at 
an increased speed in advance of the crankshaft. The 

15 springs are secured and limited so as to provide 

increasing spring movement as the springs are deflected. 
This gives rise to a substantial reduction of maximum 
firing pressure and flattening and extension of 
cylinder pressure over a wide range of crank angles. 

20 Increased thermal efficiency and reduced mechanical 

friction result in substantially increased Brake Mean 
' — Effective Preissure (BMEP) . 

Two connecting rods are provided, one of which 
is rotatably attached at one end to each of the rocker 

25 arms at a pivot point distal from the rocker arm 

pivotal mount, and at the other end to a crankshaft 
which in a specific embodiment is an eccentral 
containing a power drive gear operatively connected to 
a drive shaft. The eccentric and power drive gear 

30 ro€a^-e' as- the c6nrieci£ing^^^ pivot point moves up ahd * ^ 

down due to oscillation of the rocker arm about its 
pivot point. The second rocker arm is similarly 
configured. The previously described disadvantages of 
conventional engines are minimized in an engine of the 

35 present invention which provides means for continuously 

varying the stroke or meucimum spaced apart distance of 
the first and second pistons in each cylinder in 



wo 81/03203 



PCTAJS80/00646 



10 



accordance with changes in a predeteirrained performance 
parameter of the engine, a means for continuously 
varying the positional relationship of the first piston 
with respect to the second piston so that blocking an 
exhaust port by the second piston with respect to the 
unblocking of a transfer port by the first piston can 
be altered in accordance with a predeterained engine 
performance parameter, and a mecuis for defining a 
combustion chamber which maintains a substantially 
constant volume during combustion. 

The stroke of the engine is adjusted by 
providing a means for continuously varying during 
15 engine operation the pivot point at which each 

. connecting rod is attached to its respective rocker 
arm, the point of attachment determining the allowable 
pivotal movement of the rocker arm and thereby the 
maximum spaced-apart distance of the first and second 
pistons in each cylinder. By varying the rocker axm 
pivot point in accordance with engine manifold pressure, 
a means for compensating for changes in external 
pressure in order to achieve a .predetermined pressure v 
within the combustion chamber at the time of combustion 
25 is possible. In addition, the invention discloses a 

means for manually adjusting the stroke also as the 
engine is operating, thereby allowing an operator to 
adjust for differing gasoline octane ratings.. 

Means for continuously varying the positional 
*-30 ■ ' relationship of th'e"%rst ' piston with respect to the 
second piston comprises one of the eccentrics forming 
a shaft having twisted splines on its outer surface, 
its associated power drive gear being adapted to mesh 
with the twisted splines so that as the gear is 
35 longitudinally displaced along the shaft, it will 

rotate in accordance with the twisted, splines. In 
operation, as the power drive gear is displaced on the 



20 
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splined shaft, the shaft itself is forced to rotate 
thereby causing its associated rocker arm to pivot, 

5 the other rocker ana remaining stationary. Means are 

provided to control the longitudinal positioning of the 
power drive gear on the splined shaft as a function of 
engine r.p.m. , thereby ensuring that the exhaust ports 
will be closed at the proper time with respect to the 

10 arrival of the input air. In addition, the phasing 

of the first rocker arm with respect to the second 
rocker arras is chosen so that during the time of 
combustion both first and second piston surfaces are 
traveling in substantially the same direction at the 

15 same velocity. This ensures that during the time of 

combustion, the combustion chamber volume is 
substantially constant. 

A remote combustion chamber is also disclosed, 
the chamber incorporating means whereby direct fuel 

20 injection, spark plug ignition or compression ignition' 

can be utilized. 



• BKIEF DgSCRTPTrON- OF THE DRAWINGS 

Figure 1 is a sectional elevational view of 
25 a two-cycle, opposed piston internal combustion engine 

according to the present invention; 

Figure 2 is a top view of the internal 
combustion engine taken along line 2-2 of Figure 1; 

Figure 3 is a cross sectional view taken 
30 , ^ along line ^3-3 ; of Figure 1 showing Ithe . eccentric and'-'*-?^ 
its associated twisted splined shaft; 

Figure 4 is a cross sectional view taken 
along line 4-4 of Figure 1 showing the clutch boss gear 
and its interface with the second power drive gear; 
35 Figure 5 is a cross sectional view taken 

along line 5-5 of Figure 1 showing the second stroke 
adjustment assembly; 
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Figure 6 is a cross sectional view taken 
along line 6-6 of Figiire 1 showing the cylinder and 
its relationship to the remote combustion chamber; 

Figure 7 is a cross sectional view taken 
along line 7-7 of Figure 6 showing the remote 
combustion chamber; 

Figure 8 is a sectional, somewhat exaggerated 
in part, elevational view of the top portion of an 
engine of this invention in accordajnce with a 
particular embodiment; 

Figure 9 is a top view of the engine taken 
along line 9-9 of Figure 8; 

Figure 10 is a perspective view of an end of 
one of the rocker arms of the engine of Figure 8, 
cut-away to show its connection and relationship to the 
associated piston rod; 

Figure 11 is an idealized pressure curve for 
a spark igriition engine showing cylinder pressure versus 
crank angle for a conventional engine and for an engine 
incorporating the rocker arm of Figiire 8; and r -'"^^'"'r^- 

Figure 12 is a similar pressure curve for a 
compression ignition Cdiesel) engine. 

DETATLED DgSCRXPTrON 
As previously explained, the invention 
discloses a two-cylinder, opposed piston, two-stroke 
internal combustion engine in which both the stroke of 
_ arid.,phsse vrelationship between-' two- pistons contained 'yy^:'^}i-:suz,-i,- . 
within each cylinder piston pair can be varied during 
engine operation in accordance with various engine 
performance parameters. In addition, the invention 
provides the means by v/hich a combustion chamber volume 
is maintadLned substantially constant during the 
combustion process- These three features allow the 
engine to operate with an efficiency heretofore 
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unobtainable by conventional internal combustion 
engines. In accordance with an improved embodiment, 
5 spring means are provided to deflect the rocker arms 

of the engine during a power stroke to reduce firing 
pressure. 

Initially, and with reference to Figures 1-7, 
a form of the engine which does not have the spring 

10 deflection feature will be described. Thereafter, with 

reference to Figures 8-12, the improved embodiment will 
be described. . 

The basic elements of the engine can be seen 
in Figures 1 and 2. The engine consists of a left 

15 cylinder 10 and a right cylinder 12, the left cylinder 

containing a first piston 14 and a second piston 16 and 
the right cylinder 12 containing a first piston 18 and 
a second piston 20. A first or upper rocker arm 24 
pivots about an upper pivot point as shown at 26, the 

20 ends of the upper rocker arm 24 being connected to the 

first pistons 14. ar-d. 18 through corresponding piston: ■■■ \ 
rods 28 and 30. In a similar manner, a second or lower 
rocker arm 34 pivots about a lower pivot point as 
shown at 36 and is connected to the second pistons 16 

25 and 20 through corresponding piston rods 38 and 40- 

Thus one can appreciate that as the first and second 
pistons 14 and 16 of the left cylinder 10 move apart, 
the first and second pistons 18 and 20 of the right 
cylinder 12 necessarily move together due to the 

30 pivoting action of the upper and lower rocker aanns 24 

and 34. Thus a power stroke driving apart the first 
and second pistons 14 and 16 of the. left cylinder 10 
will provide some of the force necessary to effect a 
compression stroke by the first and second pistons 18 

35 and 20 of the right cylinder 12. The length of a 

stroke, that is the maximum distance apart that the 
internal face 44 of the first piston 14 achieves in 
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relation to the internal face 46 of the second piston 
16, is determined by the angular travel of the upper 

5 rocker arm 24 and the lower rocker arm 34. Therefore, 

if this angular travel is restricted, a shorter stroke 
will be effected and if the angular travel is relaxed, 
a longer stroke will be effected. Also, if the angular 
relationship between the first rocker arm 24 and the 

10 second rocker arm 34 is changed, then the relative 

motion of the first piston 14 with respect to the 
second piston 16 will be altered. This relative motion 
will then alter the positioning of the internal faces 
44 and 46 of the left cylinder pistons 14 and 16 with 

15 respect to transfer and exhaust ports as will be * 

explained below, thereby providing a means for altering 
the opening and closing of these ports. 

As previously stated, the stroke in both the 
left cylinder 10 and right cylinder 12, can be varied 

20 by controlling the pivotal angle through which the 

'*^PPer rocker arm 24 a^id, ^^^^^ rocker, arm. 34 can rotate. 
With respect to the pivotal rotation of the upper rocker 
arm 24, elongated slots 47 are provided in the left half 
of the rocker arm 24, the slots 47 being oriented so 

25 that their longitudinal axes are parallel to the 

longitudinal axis of the rocker arm- Referring to 
Figure 3 in conjxmction with Figures 1 and 2, an upper 
or first connecting rod 48 is rotatably attached to a 
cross iuember 50, both ends of w^hich extend through arid 

30" are" "supported by the elongated slots 47." The lower end 
of the connecting rod 48 is rotatably connected to an 
eccentric 52 one end of which forms a twisted splined 
shaft 54, the eccentric 52 being rotatably secured by 
parallel mounting plates 55 so that it maintains a 

35 fixed relationship with respect to the upper rocker ctrm 

pivot point 26. Slidably received on the twisted splined 
"shaft 54 is a power transfer gear 56 which is in meshing 
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contact: with a clutch boss gear 58, the rotation of 
which tioms a drive shaft 60 extending through the 
5 center of the engine. As the upper rocker arm 24 

rotates about its pivot point 26, the up and down 
motion of the upper connecting rod 48 in conjunction 
with the eccentric 52 will cause the twisted splined 
shaft 54 to rotate. The use of the eccentric 52 
10 provides an action similar to that of the axially 

offiset connecting rod attachment surfaces in a 
crankshaft of a conventional engdLne. In a similar 
maimer; as further shown in Figures 5 and 6, power is 
transferred from the lower rocker airm 34 through a 

15 lower connecting rod 59 to also drive the clutch boss 

gear 58. It should be noted that the shaft 61 on which 
a lower power transfer gear 62 is mounted does not have 
* twisted splines as does the upper shaft 54 , for reasons 
that will be explained below. 

20 Referring again to the upper rocker arm 24,- 

- it can be seen that its angular trax^cl will be / ... 

determined by the length of the connecting rod 48 and 
the position of the cross member 50 in the elongated 
slots 47. As the cross-member 50 is repositioned within 

25 the elongated slots 47, the allowable angulso: travel 

of the upper rocker arm 24 will also vary, thereby 
changing the stroke of both the left cylinder 10 and the 
right cylinder 12. The limit over which this variance 
can occur is determined by the length of the elongated ' 

30 slots 47. Thus as one can appreciate, adjusting the 

position of the cross member 50 within its associated 
elongated slots 47, while at the same time adjusting 
the position of a lower cross member 63 in its 
corresponding elongated slots 64, both adjustments 

35 being effected while the engine is operating, will 

allow the stroke of each piston pair 14 and 16, and 18 
and 20 to be continuously adjusted without changing the 



o:/?i 
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relative phase relationship between each piston pair. 
To effect this positioning, an upper stroke adjustment 
5 assembly 66 and an identical lower stroke adjustment 

assembly 67 are provided. Referring to the upper stroke 
adjustment assembly 66 for purposes of explanation, 
the adjustment can be effected in two ways, either by 
manually turning a control knob 68 or by rotating an 
10 adjustment bolt 70 which is in threaded contact with a 

holding bracket 72 attached to the upper rocker arm 24. 
Rotation of the adjustment bolt 70 or the control knob 
68, will move the upper stroke adjustment assembly, 
thereby moving the cross member 50 within the elongated 
15 slots 47. In an operative engine, the control knob 68 

could be mechanically coupled to a control knob in an 
automobile dashboard, and the threaded bolt 70 could be 
controlled automatically by any one of several engine 
performance parameters, examples of which include intake 
20 manifold pressure, engine speed, temperature, etc. 

Many devices for controlling the adjustment bolt 70 are 
J.u^;: u weli'^Joibwh in the art, one example of wliicB could be a 
mechanical governor. In a similar manner, although not 
explained in detail, the lower stroke adjustment 
25 assembly 67 is simultaneously adjusted in accordance 

with adjustments to the upper stroke adjustment 
assembly 66, the assemblies 66 and 67 working together 
to change the stroke of the engine without changing the 
phasing of the pistons within each cylinder. 
.3Q- Referring to the^ right cylinder 12 for ' — 

illustrative purposes, intake air is drawn into the 
engine through a reed valve 80 in which the two 
inwardly slanting reeds 82 and 84 open outwardly to 
allow air to .flow therethrough, the opening occurring 
35 when the pressure in the volume 86 internal to the reed 

valve 80 is less than the pressure external to the 
reed valve 80- However, as the pressure internal to 
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the reed valve 80 exceeds the external pressure/ then 
the reeds 82 and 84 seal agaijist each other thereby 
5 preventing air from escaping back out through the 

valve 80. This type of valve is widely utilized in the 
fluid transfer art. Internal to the cylinder 12, an 
upper ring of air intake ports 88, a ring of transfer 
ports 90 and a lower ring of air intake ports 92 are 
10 provided. All air entering between the first piston 

18 and second piston 20 internal faces 93 and 94 
respectively must pass through the transfer ports 90. 
The upper air intake ports 88 and lower air intake 
ports 92 allow air to be drawn into the cavities 
15 created between the pistons 18 and 20 external surfaces 

95 and 96 and the cylinder ends 97 and 98, the cavities 
being created as the pistons 18 and 20 move together- 
As the pistons 18 cLad 20 move apart, this air is 
compressed, the air in both volumes being connected via 
20 a transfer duct 99. As the pistons 18 and' 20 continue 

to move apart, the air pressure continues to Increase, 
- : ■ ?the reed valve 80 being closed as pi^eviously e5^1ained\j;: ^ 
until the internal face 93 of the first piston 18 rises 
above the transfer ports 90. 
25 A ring of exhaust ports 102 is provided 

between the Ipwer ring of air intake ports 92 and 
transfer ports 90. It is essential that the second 
piston 20 be of sufficient length that the exhaust 
ports 102 are always sealed from the cavity 103 
30 - N. directly below the' second piston 20, thereby ensiiring ' * 
that combustion products will not contaminate input 
air. As the first cind second pistons 18 and 20 move 
apart, the exhaust ports 102 open as a result of the 
second piston 20 moving downwardly. After the exhaust 
35 ports 102 open, an influx of pressurized air present at 

the transfer ports 90, as previously explained, forces 
the combustion products out through the exhaust ports 



wo 81/03203 



PCT/US80/00646 



13 

102. It is desirable that all of the combustion 
products f but none of the input air, escape through the 
5 exhaust ports 102. 

Having thus explained operation of the pistons 
18 cuid 20 in conjunction with the air input, transfer 
and exhaust ports 88, 92, 90 and 102, a further aspect 
of the invention can be appreciated* Referring again 
10 to Figures 1 and 2, one can appreciate that if the angle 
of one of the rocker arms 24 or 34 can be changed without 
changing the angle of the other rocker cuna, then the 
closing of the exhaust ports 102 with respect to the 
opening of the transfer ports 90 can be varied. A means 

15 to vary closing of the exhaust ports 102 with respect to 
the time the transfer ports 90 are open would allow a 
more efficient engine operation as operating parameters 
change, the closing being regulated by any one of 
several engine performance parameters such as manifold 

20 pressure or engine r.p.m. As previously explained, a 
twisted spline shaft 54 is formed at one end of the 
eccentric 52 • * Siidably mounted on the twisted splined 
shaft 54 is a power transfer gear 56 which mates with 
the clutch boss gear 58. Referring now specifically to 

25 Figures 2 and 3, an adjustment collar 104 is formed as 

part of the power transfer gear 56. A positioning fork, 
not shown, mates with an annular ring 106 in the 
adjustment collar 104. As the positioning fork which 
is in sliding contact with the angular ring 106 moves 

'30 outv;ardly as indicated by the arrow 110 ^ the twisted 

splining of shaft 54 causes the upper connecting rod 48 
. to be repositioned due to rotation of the eccentrically 
formed twisted splined shaft 54 induced by movement of 
the power transfer gear 56. Thus, as the shaft 54 is 

35 rotated due to a change in the lateral positioning of 

the power transfer gear 56, the upper rocker arm 24 angle 
with respect to the lower rocker arm 34 angle is changed- 
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As this angular change is effected, one can appreciate,, 
by referring to the position of the first piston 14 in 
5 the left cylinder 10, that the position of its internal 

face 44 will change with respect to the transfer ports 
109 without any change in the position of the second 
piston 16 internal face 46 with respect to the exhaust 
ports 111, Thus as the lateral positioning of the 
10 power transfer gear 56 is changed the opening and 

closing of the transfer ports 90 with respect to the 
opening and closing of the exhaust ports 102 is changed. 
As the power transfer gear. 56 is moved inwardly and 
outwardly during engine operation, the phase 
15 relationship of the upper rocker arm 24 with respect to 

the lower rocker arm 34 is continuously varied. Means 
for positioning the gear 56 in accordance with any of a 
various number of engine parameters are well known in 
the art. As can be seen by reference to Figure 4, a 
20 lower power transfer gear 62 which is operatively 

connected to the lower rocker arm 34 by the lower 
connecting rod 60 also drives the clutch boss gear 58. 
However, the shaft 61 on which the lower power transfer 
gear 62 is mounted is not splined as was the shaft 54 
25 for the upper power transfer gear 56 because all of the 

necessary phase relationship changes can be effected by 
positioning only the upper power transfer gear 56. 

A needle bearing 120 is provided at the top of 
each piston rod 28, 30, 38 and 40, each needi-3 beairing 
30 " being positioned in a iiotch* 122 at each end of the 

upper and lower rocker arms 24 and 34. The notch 122 
is important because each piston rod is fixedly 
attached to its respective piston, thereby resulting in 
a slight lateral movement with respect to the end of the 
35 rocker arm as the rocker arm pivots. Each piston rod 

in tuam is positioned by an insert bearing 124 
provided at each end of the cylinders 10 and 12. 
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Referring to Figures 1, 6 and 7, each of the 
cylinders has a remote combustion chamber 128 and 129. 

5 For purposes of explanation, the right cyldLnder remote 

combustion chamber 128 will be discussed, the left 
cylinder combustion chamber being identical in 
operation. The remote combustion chamber can 
accommodate an engine utilizing fuel injection in 

10 conjunction with spark plug ignition, spark plug 

ignition in conjunction with an air/fuel mixture 
entering through the transfer ports, and diesel 
operation in which fuel is ignited through compression 
heat. To achieve these various modes of operation, the 

15 remote combustion chamber has a first threaded orifice 

130 for receiving a fuel injecting insert (not shown) 
and a second threaded orifice 132 for receipt of an 
igniting device such as a spark plug (not shown) . 
Combustion occurs in a spherical cavity 136 contained 

20 within the remote combustion chamber 128, a connecting 

chaimel 138 leading from the spherical chamber 136 to 

- the. inside of cylinder 12, and the volume 140 defined 

by the internal faces 93 and" 94 of the first and second 
pistons 18 and 20. The phasing of the upper rocker arm 

25 24 with respect to the lower rocker arm 34 is chosen 

so that at the moment of ignition, and throughout the 
fuel burning process, the first piston 18 and second 
piston 20 are both moving in the same direction. Thus 
the volume 140 between the pistons remains substantially 

3Q. . cpnst^uit . throughpvit *tli^ ,V7ith: this ^r t 

volume relatively constant, and the volume of the 
spherical cavity 136 and the connecting channel 138 
being fixed, then one can readily see that the total 
combustion volume does in fact remain substantially 

35 constant throughout the burning process, v/hereas in a 

conventional internal combustion engine movement of a 
single piston as a result of the burning process results 
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in the combustion volume chcinging prior to the fuel being 
completely burned. The connecting chcinnel 138 is 
5 angled downwardly and off center from the spherical 

cavity 136 to the piston-enclosed volume 140. This 
downward angling establishes a swirling motion in the 
volume 140 thereby increasing fuel-burning efficiency 
therein. 

10 In operation, an engine according to the 

present invention has a stroke and transfer and 
exhaust port phasing" which can be automatically varied 
in accordance with various engine operating parameters, 
thereby allowing it to be operated at near maximiam 

15 efficiency under all conditions rather than at an 

assumed set of design conditions as with conventional 
engines. Referring to Figure 1, as the first piston 18 
and second piston 20 of the right cylinder 12 move 
towards each other, air, which could comprise an air/ 

20 fuel mixture, is drawn through the reed intake valve 

80 and into the upper intake ports 88, and lower intake 
ports 92, while at the same time cosqpressing air 
supplied through the transfer ports 90. After 
combustion, the air entering through the upper and 

25 lower intake ports 88 and 92 is compressed as previously 
explained as the pistons 18 and 20 move apart. As the 
first piston 18 reaches the position shown in the left 
cylinder 10, the compressed air is forced through the 
transfer ports .90 into the volume partially defined by 

S'd'''^^ ' the first ^piston internal face 93 and the Second piston 
internal face 94. At this time the second piston 20 
is in the position shown for the second piston 16 in 
the left cylinder 10, thereby opening the exhaust ports 
102. The compressed air entering through the transfer 

35 ports 90 forces the combustion products inside the 
cylinder out through the exhaust ports 102. 
Positioning of the second piston 16 is controlled by 
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the lower rocker arm 34 so that the exhaust ports 102 
will be blocked just as a wave of air entering through 

5 the transfer ports 90 reaches them. The transfer ports 

90 remain open after the exhaust ports 102 are closed 
for maximum cylinder charging. Thus one can appreciate 
that tliis opening and closing of the exhaust ports 
102 with respect to the transfer ports 90 will vary, as 

10 a result of engine operating conditions. For example, 

the ratio of time it takes incoming air to travel from 
the transfer ports 90 to the exhaust ports 102 with 
respect to the time of a compression/combustion cycle 
will vary as a function of engine r.p.m. Thus the 

15 angle of the upper rocker arm 24 with respect to the 

angle of the lower rocker arm 34 must be continuously 
adjusted if maximum engine efficiency is to be achieved. 
The invention provides a means for continuously 
effecting this adjustment by changing the lateral 

20 position of the power transfer gear 5€ on the twisted 

sp lined shaft 54 in accordance with engine r.p.m. 

' r • In addition, it can be appreciated that 
pressure exerted on the incoming air as a result of the 
piston movement is determined by the stroke of the 

25 engine, a longer stroke providing more highly 

pressvirized air at the transfer ports 90. As already 
explained, the dLnvention provides a means for 
continuously varying the stroke as the engine is 
operating by positioning of the cross-members 50 and 63 

30 iJi each ;pf vthe. rocker arm elongated slots 47 and 64, : 

respectively. Thus, the stroke is increased to 
compensate for the loss of air mass due to reduced 
throttle settings. Also, as previously explained, the 
invention provides for a manual adjustment of the stroke 

35 through the control knob 68 which can be manipulated 

from the dashboard of a car. Thus, an operator can 
vary the coii5>ression ratio of the engine to accommodate 
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any octane or cetane rated fuel* Also as previously 
explained, the remote combustion chamber 128 is fitted 

5 to receive both a fuel injector fixture or a spark 

plug. This allows the engine to function either as a 
spark ignition or a compression ignition engine. 

Advantages of the cibove described engine 
include a means for automatically varying the phasing 

10 of each piston in order to compensate for sluggishness 

of fuel flow occasioned by increasing engine speeds. 
Also both the air incoming through the transfer ports 
90 and the combustion products outgoing through the 
exhaust ports 102 are transferred at the point in the 

15 piston travel where piston movement per degree of 

crankshaft rotation is at a minimum. Thus, the 
transfer ports and the exhaust ports are open a 
maximum possible time for the' minimum possible piston 
icK>vement. Also sdLnce the exhaust piston leads the 

20 intake piston, the intake piston is moving in the 

same direction and at substantially the same velocity 
. as the exhaust, piston at ..the rime of combustion-, : 
thereby resulting in a substantially constant volume 
throughout the burning period. As one can also 

25 appreciate, any number of these basic two-cylinder 

units can be attached by utilizing the drive shaft 60 
as a common drive shaft for all units. 

Referring now to Figures 8-10, there is 
shown an improvement whereby the rocker arms are 

30 _ spring deflectable. While only one, rocker arni 24* -is 
shown, an identical construction is provided for the 
opposite rocker arm; alternatively, although not 
preferred, the opposite rocker arm can be identical in 
construction to the lower rocker arm 34 as described 

35 with respect to Figure 1. In this embodiment, all 

components except the ends of the rocker arms 24' and 
tops of the piston rods 28' and 30' are identical in 
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structure to the corresponding components of the engine 
of Figure 1. 

5 As more clearly shown in Figure 10, the outer 

ends of the rocker arms 24' are each split and formed 
to permit vertical displacement from the tops of the 
associated piston rod 28'. A cross pin 150 extends 
through the top of the piston rod 28' and is carried 

10 in vertical slots tone of which, 152, is shown) through 
opposite sides of the rocker arm end. This permits the 
piston rod 28' to rise vertically upwardly a short 
distance, defined by the vertical length of the slot 152, 
before pushing the rocker arm upwardly. Of course, with 

15 a two cycle engine, one or the other side is pushing the 

rocker arms apart; accordingly, the provision of a 
slot and cross pin is not critical. 

A flat spring 154 has its butt end press fit 
into a machined slot 156 in the end of the rocker arm 

20 24'. The opposite, loose end of the spring 154 rides on 
the top end of the piston rod 28'. A limitor cam 158 
is secured between i'the^split ends of the rocker arm 24' 
to overly the spring 154. The cam 158 is formed with 
a curved surface 160 facing the spring 154, chosen so 

25 that it has a greater radius of curvature than that of 

the normal bending curve of the- spring 154. Accordingly, 
as the pertinent spring deflects, the point of contact 
between the cam 158 and spring 154 "rolls", i.e., 
moves, outwardly which serves to decrease the effective 
. 30'. ^ '-'^Itength of\ the spring. 154, increasing ^its ability to - 
resist deflection. The result is in effect a variable 
spring rate, increasing as the spring deflects, which 
serves to preclude pounding from excessive pressure rise. 
In operation, as firing pressure increases 

35 bet;i?een the pistons beyond a preset level (as determined 
by the characteristics of the spring 154) , the spring 
154 deflects as shown in somewhat exaggerated fashion. 
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for clarity / with respect to the spring 154' in Figure 8 
The deflection allows the pistons to move apart more 
5 rapidly than would be permitted by the conventional 

rocker arm and crankshaft movement. As the volume 
between the pistons is increased the pressure is 
decreased. s.As the rocker arms move apart, the spring 
154 holds the pistons apart consistent with the 
10 predetermined pressure. At the point at which the 

spring 154 is completely deenergized, the pistons will 
continue their normal sine curve travel. The effect is 
increased piston departure rate above the preset 
pressure, i.e., "dead" pistons while the springs are 
15 being deenergized, followed by normal sine curve 

movement. Accordingly, excess "pressure" is in effect 
stored in the spring 154 for use at a later stage of 
movement of the crank arm. This serves to increase 
torque and to reduce bearing loading and ring "blowby". 
20 - ' Referring to Figures 11 and 12 there are shown 

Idealized pressure curves of cylinder pressure versus 
crank cuigle for conventional engines euid engines 
incorporating the rocker arms of the instant invention. 
Neither curve is meant to correspond to any specific 
25 engine, but the curves are presented merely as a means 
for illustrating the invention. In Figure 11, the 
engine is a spark ignition engine whereas in Figure 12 
it is a compression ignition engine. Operation of the 
conventional engine without ignition is shown by th^: 
30 lower solid line and with the ignition by the upper 

solid line. The effect in each case provided by the 
instant invention is shown by the dashed line. 

Referring to Figxire 11, as an example, a 
spark ignition engine having a 91/2:1 corrected 
35 coB^ression ratio Cafter transfer ports are closed) 

will have a pre-combustion pressure of about 200 lbs. /in. 
and a peak combustion pressure of about 550-600 lbs. /in. 
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Springs chosen to coimnence deflecting at 200 lbs. /in. 
would absorb the entire pressure rise through firing 

5 by movement of the pistons away from top dead center 

to less than 1/4 inch for a substantial amount of 
crankshaft movement. The spring tension will hold the 
pistons at that position until the crankshaft 
"catches up"; thereafter^ the pistons will continue 

10 under normal sine curve travel* The effect of such 

piston movement is a substantially constant pressure of 
slightly over 200 lbs. /in. for substantial crankshaft 
movement. 

Referring to Figure 12, as a further example, 
15 a compression ignition engine having a 16:1 compression 

ratio will have a precombustion pressure of about 
625 lbs ./in. Springs chosen to commence deflecting at 
450 lbs. /in. also would absorb the entire pressure rise 
through firing for substantial crcoikshaft movement. 
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WHAT IS CLAIMED IS: 

!• In an internal combustion engine having 
a pair of cylinders ^ first and second pistons in each 
cylinder and oppositely acting in predetermined phase 
relationship so that the facing surfaces of the pistons 
are moved together and apart to define a stroke length 
and to at least partially define a combustion chamber, 
means for providing fuel to said combustion chamber, 
a transfer port in each cylinder, opened and closed by 
one of said pistons and providing air to said combustion 
chamber, an exhaust port in each cylinder for removing 
combustion products from said combustion chamber, a 
pivotally mounted first rocker arm having opposite ends 
arranged for reciprocal movement of said first pistons, 
means arranged for reciprocal movement with said second 
pistons, and a crankshaft rotatcd)ly driven by pivotal 
movement of said rocker arm, the improvement comprising: 
a spring member interposed between said rocker 
* arm ahd^ each said piston whereby to permit said pistons .. 
to move apart by deflecting the respective spring, 
during combustion, in advance of said crankshaft. 

2. The improvement according to claim 1 in 
which said pistons include piston rods extending 
outwardly therefrom, said spring member comprising a 
spring carried on each end of said rocker arm and in 
cdiitact with the ' outer end of the respective piston rod. 

3. The improvement of claim 2 in which said 
spring is a flat spring. 

4. The improvement of claim 3 including 
limiting mesins for decreasing the effective length of 
said spring as said spring is deflected. 
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5 • The improvement of claim 4 in which said 
limiting means comprises a ciirved cam siirface having a 
radius of curvature greater than that of the normal 
bending curve of said spring whereby the point of 
contact between said cam surface and said spring moves 
outwardly to decrease the effective length of said 
spring. 
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